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Abstract
The present study investigated the effects of experimental instruction on the retrieval of
involuntary autobiographical memories (IAMs). In previous studies of IAMs, participants
were either instructed to record only memories (henceforth, the restricted group) or any
thoughts (henceforth, the unrestricted group). However, it is unknown whether these two dif-
ferent types of instructions influence the retrieval of IAMs. The most recent study by Van-
nucci and her colleagues directly addressed this question and demonstrated that the
frequency and phenomenological characteristics of IAMs strongly depended on the type of
instruction received. The goal of the present study was to replicate these results while
addressing some limitations of the Vannucci et al. study and to test three possible mecha-
nisms proposed to explain the effect of instructions on the retrieval of IAMs. Our results
accord well with the data presented by Vannucci et al. When participants were instructed to
record only IAMs (the restricted group), they reported more memories and rated them as
being retrieved in a more goal-oriented fashion. Their memories also were less clear, vivid,
detailed and were less frequently accompanied by physiological reactions, compared to
memories reported by the participants in the unrestricted group. In addition, the events to
which the memories referred were rated as more unusual and personal by the restricted
group. These results are consistent with the assumption that retrieval of IAMs depends on
the type of instructions used in a study. In addition, our results suggest that one of the main
mechanisms underlying the higher frequency of IAMs in the restricted group may be partici-
pants’ ability to monitor the stream of consciousness and to extract autobiographical con-
tent from this flow. Further implications of the effect of instructions for IAMs research are
discussed.
Introduction
Every time we try to recall something from our personal past (e.g. the last time I had a head-
ache) we use our autobiographical memory. However, sometimes memories can suddenly
pop into mind, without a preceding attempt to recall anything. The latter memories, called
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involuntary autobiographical memories (IAMs), come to mind automatically without any con-
scious attempt to retrieve them [1, 2], whereas the former memories, called voluntary memo-
ries, result from an intentional attempt to retrieve them from memory, which typically involves
an effortful search [3–6]. Recent research by Barzykowski and Staugaard [7] highlights the
importance of describing IAMs in terms of their lack of cognitive effort (e.g. [8]) and the lack
of intention to retrieve them.
There has been growing interest in IAMs over last two decades. The involuntary recall of
one’s personal past may have a significant effect on a person’s mood and well-being (e.g. [9].
IAMs may be important in relation to various mental disorders, e.g. depression [10, 11] and to
mental processes, such as identity, by providing a sense of continuity across time [12]. Involun-
tary remembering also may be important in relation to both memory impairment (e.g. amnes-
tic syndrome) and unusually good autobiographical memory [13], both of which may be
burdensome. The first case is related to the inability to voluntarily recall memories from one’s
personal past [14]. However, information may often be successfully retrieved in an involuntary
and automatic fashion [14]. The second case is related to an ability to recall vast amounts of
personally irrelevant information without the use of mnemonics [13, 15]. This phenomenon
can be especially problematic when individuals are dominated by constant, unstoppable, and
uncontrollable memories of their personal past. Research on IAMs has important implications
for our understanding of intrusive memories in PTSD and related disorders [16]. For example,
studies on the cognitive mechanisms of IAMs may be important for developing strategies to
cope with intrusive memories.
Developing knowledge about IAMs and the mechanisms that underlie them is an important
step towards gaining insight into the nature and functioning of memory processes and human
cognition, in general. Therefore, the empirical examination of IAMs under well-controlled
experimental conditions may contribute to both everyday life and future research advances. An
experimental, laboratory method of investigating IAMs has been developed [17, 18, 19] that
enables controlled investigation and can stimulate advances in this research domain. All meth-
odological issues related to this procedure should be carefully considered to help develop the
best possible final procedural format. Our study served this general purpose.
There are three main research strategies used in studies of IAMs (see [20], for a more
detailed review): survey methods (e.g. [21–22]), structured diaries [1, 23–26], and experimen-
tal, laboratory methods [18–19, 27–29]. Most studies, so far, have instructed participants to
record all the IAMs they experienced during a specified period of time (e.g. [1, 17, 19, 23–27]).
However, some studies have instructed participants to record any involuntary thoughts that
popped into their mind; IAMs were then selected from the pool of recorded entries (e.g. [18,
30]. As the first procedure restricts the set of participants’ responses only to IAMs, compared
with the second procedure, henceforth, we will call these two conditions the restricted group
and the unrestricted group, respectively.
Mace [31] highlights the fact that a prior intention to retrieve memories lies at the heart of
the involuntary vs. voluntary distinction. Intentional retrieval corresponds to what has been
termed ‘retrieval mode’ [32], in which ‘the cognitive system is prepared for or expects memory
construction and recollection’ ([33], p. 1379). Retrieval mode is thought to involve the activa-
tion of schematic and strategic retrieval processes, such as emotional regulation. Retrieval cues
and episodic memories are processed differently in this cognitive state than they are under
retrieval instructions when individuals do not intentionally recall the past (e.g. [34–35]). There-
fore, it can be reasonably argued that the retrieval of IAMs may be influenced by whether or
not study participants are informed that they are to report memories [29]. This problem is
related to a broader methodological question; namely, the extent to which experimental proce-
dures used to examine IAMs pertain to the natural context of experiencing IAMs. Researchers
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are interested in designing experimental strategies that are the closest approximation to
experiencing IAMs in everyday life, in order to thoroughly and exhaustively examine the basic
mechanisms of IAMs. Though IAMs, by definition, come to mind without any preceding con-
scious attempt at retrieval [1, 2], it can be argued that instructing participants in the laboratory
to monitor their stream of awareness only for memories may change the nature of involuntary
retrieval. For example, participants who know the true goal of a study may retrieve memories
voluntarily in order to please the experimenter. Another possibility, which is not mutually
exclusive, is that instructing participants to record only spontaneous memories can, per se,
induce their occurrence. These potential problems may undermine the ability to analyse IAMs
as they naturally occur in real life.
A recently published study by Vannucci et al. [29] addressed this issue. The two groups of
participants in that study were instructed either to record only IAMs (the restricted group) or
to record any involuntary thoughts (the unrestricted group). Importantly, the word “memory”
was completely avoided in the unrestricted group. By manipulating the type of instructions
(the restricted vs. the unrestricted condition), Vannucci et al. provided evidence that making
participants aware of the goal of the study changed the frequency of IAMs and partially
changed their phenomenological characteristics. Briefly, they observed more memories in the
restricted group, whose memories also were more specific and had been rehearsed more often
in the past, compared with the memories of the unrestricted group.
Vannucci et al. [29] proposed several possible effects of instructions that focus on involun-
tary memories, which may be responsible for the observed differences. The explanations are
not mutually exclusive, and thus, the proposed effects may operate simultaneously. First, moni-
toring the flow of consciousness with the real goal of the study in mind, may activate voluntary
retrieval processes (inducing voluntary retrieval). Although this is not a deliberate effect, there
is also the possibility that participants who are aware of the goal of the study may try to deliber-
ately recall autobiographical memories. Second, instructing participants to record memories
may produce some form of selection during retrieval. This may take the form of either placing
the focus of attention on retrieval of autobiographical memories or a reporting bias toward
memories congruent with what people think involuntary memories should be (report bias).
The report bias could make participants more prone to report specific memories, i.e. ‘memories
that happened at a particular place and time and lasted for a day or less’ ([36], p. 2), and memo-
ries related to personal and unusual events. For instance, participants may be more willing to
report having lunch with friends yesterday rather than having lunch with a seminar group on
Mondays because the former memory may be perceived as more ‘genuine’, compared to more
the general and schematic latter memory.
Lending support to this possible effect, Vannucci et al. [29] found that specific memories
were more frequent in the restricted group compared with the unrestricted group. As autobio-
graphical memories are naively considered to refer to special kinds of events, one would also
expect unusual and personal events to be reported more often in the restricted group.
Third, there is the possibility that monitoring the stream of consciousness induces a priming
effect that makes autobiographical content more available (priming effect). For that reason, it
may increase the number of memories, in general, and the number of previously activated (e.g.
more often rehearsed) memories, in particular. Indeed, Vannucci et al. [29] found, as already
mentioned, that the memories reported in the restricted group had been rehearsed more often
in the past.
Elaborating further on the third explanation, it may be that focusing on a wide variety of
mental content in the unrestricted procedure imposes additional requirements on memories,
which they must satisfy to reach awareness. Otherwise memories would not be successfully
extracted from the continuous stream of thoughts. As long as participants in the unrestricted
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group are monitoring the stream of consciousness for unspecified thoughts, the awareness
threshold for memories may be set at a relatively high level. For example, less clear and vivid
memories would be less accessible compared to memories that are less vague [37–38]. Thus,
memories that are more distinctive in terms of their phenomenological characteristics (i.e.
more clear, vivid, detailed, or accompanied by stronger emotional and physiological reactions)
should be more likely to pass the threshold of consciousness, compared to less distinctive mem-
ories that may not be easily noticed among a wide variety of different mental contents. For that
reason, memories with less distinctive phenomenological characteristics should be observed
more frequently in the restricted group, since those participants would be actively monitoring
the flow of mental content only for memories. In other words, looking for memories may boost
the likelihood that they pass the awareness threshold (threshold effect).
Whatever processes were actually induced in the participants who were aware of the aim of
the Vannucci et al. study [29], the study’s results clearly demonstrated that the type of proce-
dure used can affect the retrieval of IAMs. Equally important, the results highlight the possibil-
ity that previous findings on IAMs may be related only to some types of IAMs. For that reason,
there is a need for further research to replicate Vannucci et al.’s findings and to verify the expla-
nations for the instruction effects that they advanced.
1.2. The present study
The overall goal of the present study was to address an important methodological question;
namely, whether the experimental instructions commonly used in studies on IAMs change
both the characteristics and frequency of IAMs. This goal is related to the broader issue of the
validity of the experimental procedures used in IAMs research. Therefore, the first aim of the
present study was to replicate the 2014 study by Vannucci et al. [29], while overcoming some
of its limitations. As the authors themselves pointed out, a major limitation of the study was
its relatively small sample (12 participants in the restricted group and 11 in the unrestricted
group). We used basically the same experimental method of eliciting IAMs [19] as in the Van-
nucci et al study, and our sample was more than twice as large. They also avoided the word
‘memory’ in the instructions given to the unrestricted group, as not mentioning memory could
lead to a selection bias during retrieval by increasing the risk of not noticing some of the IAMs.
In other words, participants might be more prone to omit some of their memories since they
were monitoring the stream of consciousness for an unspecified category of thoughts. We
could not be sure if they would treat autobiographical memories as a part of the vague category
of involuntary thoughts. Hence, a smaller number of memories and a lower proportion of spe-
cific memories observed in the unrestricted group might occur due to selection bias towards a
naively understood concept of ‘thoughts’ during retrieval. To avoid this potential effect, we
provided both the restricted and unrestricted group with examples of thoughts (e.g. personal
goals, words, current concerns, plans, and memories) when we gave the instructions. Thus, the
unrestricted group was not instructed to report memories, but memories were mentioned
when explaining the concept of involuntary thoughts.
We hypothesised that, despite some differences in methodology, we would replicate the
main finding of Vannucci et al. [29] that involuntary memories were reported more often in
the restricted group compared to the unrestricted group.
The second aim of our study was to test three mechanisms that may explain the effect of
instructions on the number and characteristics of IAMs. To this end, we compared IAMs
reported by the unrestricted and restricted groups on characteristics that have not been previ-
ously studied. We employed a self-report scale of the effort that participants put into retrieving
memories and thoughts to test the possibility that instructions focusing on memories may
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induce voluntary retrieval processes. The scale enabled us to analyse the extent to which memo-
ries and thoughts were initiated in a goal-oriented fashion. If the restricted procedure enhances
voluntary retrieval we should observe higher ratings on the memory effort scale in the restricted
group, compared to the unrestricted group.
To test the threshold effect explanation, which presumes that looking for memories boosts
the likelihood that they will pass the awareness threshold, we compared various phenomeno-
logical characteristics of the memories. We expected that the restricted group would report
memories with less distinctive characteristics (i.e. less clear, vivid, and detailed, and less likely
to evoke emotional and physiological reactions) compared to the unrestricted group. We asked
participants to rate the phenomenological properties of their involuntary thoughts or memo-
ries as soon as they occurred during the vigilance task. We decided to have the memories rated
during the vigilance task because we wanted them to be rated as they were experienced when
they were (presumably) retrieved involuntary, rather than after the vigilance task, when they
were intentionally retrieved to complete the post-task assessment. The phenomenological char-
acteristics of a memory that has been involuntary retrieved may be slightly different from the
characteristics of a memory of the same event that was intentionally recalled later [39]. One
inevitable disadvantage of ongoing (i.e. during the vigilance task) ratings is they may interfere
with the process of eliciting and reporting IAMs (see Vannucci [29] for arguments against
ongoing ratings). We kept the ongoing ratings brief to minimise their interference with the
main retrieval task.
To test the claim that instructions that focus on memories lead to a bias toward reporting
memories congruent with what people think involuntary memories should be, we compared
the events to which the memories referred in terms of how specific, unusual, and personal they
were. We expected that events described by the restricted group would be rated higher on these
dimensions.
Method
This study was approved by the Research Ethics Committee of the Institute of Psychology at
Jagiellonian University. Written consent for participation was obtained prior to data collection.
Participants
Sixty undergraduate students (age range = 19–38 years,Mage = 22.41; SD = 3,06, Female = 41)
participated in this study in return for a gift-card worth about $7. They were randomly
assigned to one of two conditions (We assigned participants into conditions using simple ran-
domization, i.e. flipping a coin [40]): instructions that did or did not tell participants to record
only IAMs. All participants were screened for depression using the Polish version of the Beck
Depression Inventory [41]. Four participants who scored 20 or above were excluded from fur-
ther analysis. Due to technical difficulties, one person did not finish the experiment. The final
number of participants was as follows: (a) the restricted group (i.e. participants recording only
IAMs—age range = 19 to 29 years,Mage = 22.27; SD = 2.51, Female = 21, Male = 8); and (b) the
unrestricted group (i.e. participants recording any involuntary thoughts—age range = 22 to 28
years,Mage = 22.06; SD = 1.94, Female = 20, Male = 6).
Materials
Vigilance Task. The experiment employed a slightly modified procedure from that origi-
nally developed by Schlagman and Kvavilashvili [19]. The Involuntary Memories Program
(IMP) was constructed using the C# programming language, Microsoft.NET Framework 4.0,
and XNA libraries. Briefly, the IMP simulates the conditions in which IAMs have been
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observed most frequently in daily life using a naturalistic diary method (e.g. [1]), namely, an
automatic activity that did not demand much attention. Participants performed an uninterest-
ing vigilance task that involved detecting a pattern of 15 vertical lines in a stream of 785
horizontal lines, with each set of lines presented for 2 seconds during each separate trial. In
addition, short verbal phrases (e.g. riding a bicycle, listening to the radio) were displayed on
each trial in the centre of the screen. The participants were informed that involuntary thoughts
(the unrestricted group) or involuntary memories (the restricted group) were likely to occur
during the task, and they were instructed to record them each time they experienced them.
Unless specified otherwise, we strictly followed the original study design (for further details
see: Schlagman & Kvavilashvili [19]). The IMP used in the present study differed from Schlag-
man and Kvavilashvili’s [19] original design in the following ways: (1) we randomly ordered
the trials for each participant, (2) we extended the presentation of each trial from 1.5 to 2 sec-
onds, (3) the participants were not to say “yes” aloud when they detected a target stimulus;
they had to push a red button instead.
Polish adaptation of verbal phrases. A total of 1,057 phrases were prepared, of which 800
came from Schlagman and Kvavilashvili’s study [19]. The latter phrases were translated into
Polish by three independent research assistants who were proficient in English. The final ver-
sions across translations were determined by using the National Corpus of Polish (http://nkjp.
pl/), which is a collection of commonly used words and phrases [42]. Therefore it was possible
to choose the most frequent and typical collocation of translated phrases (i.e. those with highest
chi-square parameter: According to McEnery, Xiao, and Tono [43], chi-square is the most
common statistical test used in corpus linguistics. As they explained (p. 55), ‘the chi-square
compares the difference between the observed values (e.g. the actual frequencies extracted
from corpora) and the expected values’. The higher the chi-square parameter, the better the
collocation is, and the less likely it is that the collocation is due to chance). In addition, a Polish
linguist checked the translations for grammar, inflection and phraseology. Finally, all the
phrases were rated as neutral, positive, or negative by twelve independent coders (6 females,
Mage = 21.42, SD = 2.54, range = 20–27), who performed on average or higher in the Test of
Emotional Intelligence [44]. Similar to the original procedure used by Schlagman and Kvavi-
lashvili [19], we used the percentage of agreement on perceived type of phrases as a measure of
inter-coder reliability. Phrases with an inter-coder agreement of 66% or above (This means the
verbal phrase was categorized as neutral if at least 8 of the 12 coders rated it as neutral) were
included in the final pool of 800 phrases, which consisted of approximately equal numbers of
neutral (N = 267), positive (N = 267), and negative (N = 266) phrases.
Questionnaire. The paper questionnaire consisted of two parts. During the vigilance task,
participants rated the phenomenological characteristics of the involuntary mental content
they experienced (Part 1). After completing the vigilance task, they answered a few questions
about the characteristics of the remembered events to which the memories referred (Part 2). S2
Appendix shows the two parts of the questionnaire.
Participants completed Part 1 immediately after experiencing either a memory (the
restricted group) or any involuntary mental content (the unrestricted group). After providing a
brief description of the memory or thought, they rated (on 7-point scales): (a) the extent to
which they had actively tried to bring the thought to mind (henceforth called the effort scale,
1 = I wasn’t trying at all, 2 = I wasn’t trying, 3 = I don’t think that I tried, 4 = I tried a little bit,
5 = I tried somewhat, 6 = I tried, and 7 = I tried very hard) (Please note that the scale can actu-
ally be considered a dichotomy around the mid-point (4), where 1–3 refer to lack of effort (i.e.
effortlessly retrieved), 4 is undecided, and 5–7 explicitly involve effort (i.e. effortfully retrieved).
Thus, this scale reflects participants’ confidence in their introspective judgment of effort. So, as
the numbers increase from 1–3, the participants are less confident that no effort was involved,
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but nonetheless all these points assume that retrieval was effortless to some degree. Higher rat-
ings on this scale indicate that the memories are less involuntary, and therefore, more volun-
tary); (b) the clarity of the thought (henceforth called clarity: 1 = not clear at all, 2 = unclear, 3
= rather unclear, 4 = a little bit clear, 5 = somewhat clear, 6 = clear, and 7 = perfectly clear); (c)
its vividness (1 = not at all vivid, 2 = very low vividness, 3 = low vividness, 4 = slightly vivid, 5 =
somewhat vivid, 6 = vivid, and 7 = very vivid); (d) how detailed the content was (1 = not detailed
at all, 2 = very low detail, 3 = low detail, 4 = slightly detailed, 5 = somewhat detailed, 6 = detailed,
and 7 = extremely detailed); (e) the emotional valence of the content (1 = very unpleasant, 2 =
unpleasant, 3 = rather unpleasant, 4 = neutral, 5 = rather pleasant, 6 = pleasant, and 7 = very
pleasant); (f) intensity of emotions experienced in response to the content (1 = not intense at
all, 2 = not intense, 3 = rather not intense, 4 = slightly intense, 5 = somewhat intense, 6 = intense,
and 7 = extremely intense); and (g) the extent to which content was accompanied by unex-
pected physiological sensations (henceforth, called physiological sensation, 1 = not accompa-
nied at all, 2 = not accompanied, 3 = rather not accompanied, 4 = difficult to indicate, 5 =
somewhat accompanied, 6 = accompanied, and 7 = extremely accompanied).
Participants completed Part 2 of the questionnaire after completing the vigilance task. They
described their memories more thoroughly and rated (on 7-point scales): (a) the emotional
valence of the event to which the memory referred (1 = very unpleasant, 2 = unpleasant, 3 =
rather unpleasant, 4 = neutral, 5 = rather pleasant, 6 = pleasant, and 7 = very pleasant); (b) how
often they had recalled the event in the past (henceforth called rehearsal, 1 = not recalled at all,
it was the first time, 2 = recalled very rarely, 3 = recalled rarely, 4 = recalled somewhat often, 5 =
recalled rather often, 6 = recalled often, and 7 = recalled a great deal); (c) how personal it was (1
= not personal at all, 2 = not personal, 3 = rather not personal, 4 = slightly personal, 5 = some-
what personal, 6 = personal, and 7 = extremely personal); and (d) how unusual the remembered
event was (1 = not unusual at all, 2 = not unusual, 3 = rather not unusual, 4 = slightly unusual,
5 = somewhat unusual, 6 = unusual, and 7 = extremely unusual).
In addition, they specified whether the remembered event was general or specific, by classi-
fying the event as extended in time (e.g. last winter), as repeated in the past (e.g. regular meet-
ings), or referring to a particular situation that happened on one day (e.g. the day I met my best
friend). The first and the second options were classified as general events, while the third one
was classified as a specific event.
Procedure
Design. We used a between-subjects design, with the instruction manipulation (with or
without an instruction to record only involuntary memories) as the between factor. The instruc-
tions are provided in S1 Appendix.
Participants were tested in groups of 2 to 6. They were informed they were free to withdraw
from the study at any point. In addition, the experimenter assured them that their responses
would be anonymous, and informed them that they could refrain from reporting particularly
sensitive thoughts by typing “X” as an answer, or (if possible) by providing a general descrip-
tion of their thoughts rather than a detailed account.
Unrestricted procedure. Participants were instructed to report any spontaneously occur-
ring thoughts. They were informed that during the task they might experience different kinds
of thoughts, and they were provided examples of such thoughts, including personal goals,
words, current concerns, plans, and memories. However, memories were not given particular
emphasis during the briefing. The participants were asked to report any spontaneous thoughts
that occurred during the 800 vigilance trials, by pressing the spacebar as soon as they became
aware of them. Immediately after pressing the spacebar, they provided a brief description of
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the content of their thoughts and completed Part 1 of the paper questionnaire. After answering
the questions in Part 1, the participants clicked “continue” to return to the vigilance task. After
completing the vigilance task, participants answered open-ended questions concerning the true
goal of the study. Then, they were given written and verbal information describing the nature
of autobiographical memory (as, for example, in [45]) and informed about the second part of
the study (see S2 Appendix). During the second part, the participants reviewed all the thoughts
they recorded during the vigilance task, and were asked to decide whether each thought was or
was not an autobiographical memory. Participants then described their memories more thor-
oughly and completed Part 2 of the paper questionnaire.
Restricted procedure. The only difference between this condition and the unrestricted
condition was that participants were instructed to report only IAMs that spontaneously came
to mind during the vigilance task.
Results
Entries that were not coded as autobiographical memories by the participants were excluded
from the data analysis. Examples of non-autobiographical entries were plans for the future
(going to the cinema tomorrow), semantic thoughts (song lyrics), episodic memories unrelated
to the self (people gathering at the Place de la Republique to pay homage to the Paris attack vic-
tims), and thoughts about the present situation (how long will it take me to finish this boring
task). None of participants in the unrestricted condition reported having guessed the real pur-
pose of the study. The overall mean ratings of all the dependent variables are reported in
Table 1. Cohen’s d’s were calculated as the measure of effect size for every t-test result [46].
The number of memories
Participants recorded 112 memories (e.g. buying flowers for a girlfriend, a first kiss, celebrating
an 18th birthday) in the unrestricted group and 219 in the restricted group. Only one participant
in the unrestricted group did not report any IAMs during the vigilance task. The vast majority
(85.84%) of all the memories recorded by participants in the restricted condition were reported
as effortless retrieval (i.e. memories rated 1 to 3 on the effort scale; n = 188), and effortful
retrieval (i.e. memories rated 5 to 7 on the effort scale) was reported for only 16 memories
(7.31%). The remaining 15 memories (6.85%) were rated in the middle of the effort scale (i.e. a
rating of 4). In the unrestricted condition, effortless retrieval was reported for 104 memories
(92.86%) and 2 memories were classified as effortful retrieval memories (1.79%). The remaining
6 memories (5.36%) were rated in the middle of the effort scale. Each participant’s number of
IAMs were analysed by a t-test for independent samples to assess the effect of instructions on
the number of IAMs. The analysis revealed there was a significant difference in the number of
IAMs between the two groups, t(45) = 2.45, p< .018, d = .64 (a large effect size). Participants
reported significantly more memories in the restricted group (M = 7.55, SD = 5.77), in which
they were instructed to report only IAMs, than in the unrestricted group (M = 4.48, SD = 3.23),
in which they were instructed to report any spontaneous thoughts.
Characteristics of the memories
The mean ratings for each memory characteristic were analysed in a series of independent t-
tests to assess the effect of the experimental manipulation on the phenomenological character-
istics of the IAMs. In all, we performed 12 t-tests (with unequal variances, when necessary). To
control for multiple comparisons, we used the False Discovery Rate correction [47], with α =
0.05; the critical value q was 0.029. The results of all the tests can be seen in Table 1.
Effects of Instruction on IAMs
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First, we examined how the memories were remembered at the time of their occurrence
(recorded online during the vigilance task), and then we considered the characteristics of the
remembered events as they were rated when the vigilance task was completed.
Phenomenological characteristics recorded online. During the vigilance task, partici-
pants rated the extent to which they had actively tried to bring a thought to mind, its vividness
and clarity, how detailed the memory was, its emotional valence, its intensity of emotion, and
the extent to which the memory’s content was accompanied by physiological sensations. As
seen in Table 1, memories in the unrestricted group were rated as significantly more vivid,
clear, detailed, and more often accompanied by physiological reactions compared with memo-
ries in the restricted group. They also were retrieved with less effort than were memories in the
restricted group.
Characteristics of remembered events. After completing the vigilance task, participants
rated the emotional valence of the event, rehearsal, its personal nature, and how unusual the
remembered event was. In addition, they specified whether the memory was general or spe-
cific. As seen in Table 1, memories in the restricted group were rated as more unusual and per-
sonal compared with memories in the unrestricted group. No other differences were observed
between the two groups.
As the mean proportions of specific memories relative to general memories did not differ
significantly between the groups, any differences between the memories that were described
above were not due to a difference in the specificity of the remembered events.
Discussion
The main purpose of the present study was to examine the effects of experimental instructions
on the frequency and characteristics of IAMs. It addressed the methodological question to
what extent experimental procedures that are used to investigate IAMs simulate the naturalistic
Table 1. The overall means ratings for the characteristics of memories as a function of group and all the comparisons of memory types, with t-val-
ues, p-values, critical q-values, and effect sizes.
Group
Restricted
procedure
Unrestricted
procedure
M SD M SD t p q d
Individuals’ number of memories 7.55 5.77 4.48 3.23 2.45 0.018 n/a 0.64
Clarity* 4.87 1.66 5.51 1.22 3.95 0.001 0.004 0.42
How detailed it was* 4.27 1.82 4.88 1.56 3.00 0.003 0.008 0.35
Vividness* 4.32 1.84 4.88 1.52 2.94 0.004 0.013 0.32
Unusual 4.40 1.91 3.80 1.72 2.73 0.007 0.017 0.32
Effort* 2.24 1.31 1.92 1.01 2.48 0.014 0.021 0.26
Physiological sensation* 2.86 1.85 3.36 1.74 2.38 0.018 0.025 0.28
Personal nature 4.16 1.96 3.60 2.06 2.38 0.018 0.029 0.28
Intensity of emotions* 4.01 1.72 4.18 1.44 0.92 0.358 0.033 0.15
Rehearsal 3.01 1.60 2.90 1.66 0.61 0.541 0.038 0.07
Valence of the event 4.48 1.92 4.41 1.93 0.33 0.740 0.042 0.04
Speciﬁc memories 0.66 0.22 0.65 0.37 0.18 0.886 0.046 0.03
Valence of the memory* 4.61 1.73 4.62 1.78 0.04 0.966 0.050 0.01
Tests above the line are statistically signiﬁcant at the corrected q = .029 level (the corrected q applies to the phenomenological characteristics). Online
ratings are marked with an asterisk.
doi:10.1371/journal.pone.0157121.t001
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conditions of experiencing IAMs. Participants were divided into two experimental groups: a
group instructed to record only IAMs (the restricted group) and a group instructed to record
any spontaneous thoughts (the unrestricted group). This allowed us to manipulate participants’
focus on either memories only or any thoughts that appeared in their consciousness. It is worth
noting that both groups were instructed in exactly the same way to report these mental con-
tents as soon as they experienced them.
As expected, and consistent with the 2014 study by Vannucci et al. [29], the frequency of
IAMs was higher among the participants instructed to record only IAMs. Consistent with Van-
nucci et al.’s results, the type of instruction also influenced the phenomenological characteris-
tics of the memories. Thus, we were able to replicate the main findings of Vannucci et al., using
a much larger sample and slightly modified procedures that addressed some of the limitations
of their study. We did not completely avoid the word “memory” in the instructions given to
the unrestricted group, as memory was included as an example of an involuntary thought, so
it is less likely that the lower number of IAMs in that group resulted from a bias toward not
reporting memories.
Because we compared the reported memories of the restricted and unrestricted groups in
terms of dimensions on which they have not been compared before, our study sheds new light
on the mechanisms that underlie the effects of instruction on the number and the properties of
IAMs.
First and foremost, our results support Vannucci et al.’s claim [29] that instructing partici-
pants to record only IAMs makes them more likely to engage, to some extent, in the voluntary
retrieval of autobiographical memories. The restricted group had significantly higher ratings
on the effort scale compared to the unrestricted group, which indicates that the groups differed
in terms of how much participants were trying to bring memories to mind. However, this is
not to say that the memories in the restricted group were retrieved in a voluntary fashion.
While some of them might have not been fully spontaneous (c.a. 7% of them were rated 5–7 on
the effort scale), the overall low ratings on the effort scale (M = 2.24, SD = 1.31) suggest that
the instruction to report only IAMs did not make participants more inclined to deliberately
recall past events. It is important to mention that the means observed in both groups were
below 4 on the effort scale and a rating of 4 indicated ‘I was trying a little bit’. Therefore, the
results suggest that the instructions focusing on involuntary memories tended to enhance the
extent to which participants accidently retrieved IAMs in a goal-oriented fashion (see Van-
nucci et al., [29], for a similar argument). The instructions given in the restricted condition
seem to have made the process of IAM retrieval more effortful, and thus, less automatic than
the instructions in the unrestricted condition. Hence, there was more of an unintentional effort
than intentional or deliberate effort to retrieve memories in the restricted group as a result of
the instructions.
Second, our results lend support to the notion that instructing participants to record only
memories may lower the awareness threshold that is required to report a memory. We found
that the unrestricted group rated memories as being more clear, vivid, and detailed, and more
likely to be accompanied by physiological reactions. It is reasonable to argue that a memory
needs to be somewhat distinctive and accompanied by some sensations for it to capture a par-
ticipant’s attention and be extracted from the flux of mental content. We argue that one of the
main mechanisms underlying the higher frequency of IAMs in the restricted group was the
participants’ ability to thoroughly monitor their stream of consciousness and extract autobio-
graphical content from the stream, despite the fact that the content was neither especially dis-
tinctive nor arousing. Nevertheless, as participants in the restricted group did not have to
spend time writing down any thoughts that came to mind, they may simply have had more
time to retrieve, for example, less detailed memories. However, if this was the case, we would
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expect to observe more specific memories in the restricted group, since participants would
have more time to retrieve memories that were less general or abstract. Yet, there was no group
difference in the specificity of the memories. In addition, if time had an effect on the reported
memories of the participants in the restricted group, one would expect that their memories
would be longer elaborate. Hence, the memories in the restricted group should have been more
detailed and elaborate than the memories in the unrestricted group, but the observed difference
was in the opposite direction.
We did not find support for the idea that the procedure used in the restricted group induced
a priming effect that made previously activated autobiographical memories more available.
Vannucci et al. [29] suggested that looking only for memories may prime attention to particu-
lar autobiographical content and enhance their overall activation. This may help memories
to pass the awareness threshold. It is important to recognise that this priming effect should
manifest itself mainly by an increase in memories that are already highly accessible and,
because of this, easy to retrieve. Thus, one would expect to observe more memories that have
been rehearsed frequently in the condition that enhances autobiographical memory retrieval,
compared to the condition that does not strongly favour this type of retrieval. Since partici-
pants in the restricted condition were specifically focused on memories, we would expect them
to report a higher frequency of previously recalled or rehearsed memories compared to the
memories reported by the participants in unrestricted condition, as observed in the Vannucci
et al. study [29]. Although the memories in the restricted group were numerically rated as
being rehearsed more often in the past, compared to the memories of the unrestricted group,
the difference was not statistically significant.
Finally, we found group differences in some characteristics of the events to which the mem-
ories referred; these characteristics were rated by participants during the post-task phase. This
finding may imply that the different retrieval strategies that are induced by the two types of
instructions favour certain types of remembered events. For example, participants in the
restricted group reported more unusual and personal events compared to the unrestricted
group. These results accord with Vannucci et al.’s proposal [29] that participants in the
restricted group may be inclined to limit their reports to what they naively think IAMs should
be (memories referring to personal and more unusual events). On the other hand, it may be
argued that some IAMs in the unrestricted group were episodic memories unrelated to the self.
While this might be an issue, it is worth noting that we excluded participant entries from data
analysis that were not coded as autobiographical memories. Also, the written and verbal
instructions describing the nature of autobiographical memory were identical in both groups
(see S2 Appendix). Participants from both groups were also uniformly instructed (see S1
Appendix) to write down any kind of memory (restricted group) or thought (unrestricted
group) that arose during the vigilance task, regardless of what it was, or how interesting they
found it to be. By doing so, we tried to avoid the participants’ use of a layperson’s definition of
autobiographical memory and to reduce the extent to which they might voluntarily limit their
responses only to some types of memories or thoughts (for example, those that were more or
less unusual). Furthermore, the systematic reporting of more episodic memories unrelated to
the self in the unrestricted group should differentiate the groups on the specificity ratio. How-
ever, we did not replicate the differences between the groups in the specificity of remembered
events.
We argue therefore, that given the identical instructions about autobiographical memory
provided to both groups, as well as the lack of differences between the groups in the specificity
of remembered events, there is no reason to believe that the groups differed in their general
understanding of what autobiographical memory is. At the same time, we still observed differ-
ences between the groups in the phenomenological characteristics of the recorded memories.
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Therefore, we believe that these differences may be better explained by reference to the experi-
mental manipulation, rather than to differences in participants’ understanding of what auto-
biographical memory is. Finally, it is worth noting that the lack of group differences in the
specificity of remembered events suggests that the group differences we found in the phenome-
nological characteristics of the recorded memories were not likely to be due to differences
between specific and general memories.
Possible limitations
Some limitations should be taken into account when considering the present results. First trying
to report every involuntary thought during the vigilance task may have interfered with the natu-
ral flow of thoughts that takes place during everyday mind-wandering. Second, reporting every
thought that came to mind may have increased the risk that after a certain point the participants
stopped reporting any mental content because the task became too long and onerous. Vannucci
et al. [29] considered the second issue to be especially problematic when participants were asked
to rate every spontaneous thought during the vigilance task, i.e. as soon as they realized that
they had one. They asked participants to do all the ratings after the vigilance task had been com-
pleted. To address the possible effect of the task’s burden on the number of IAMs reported, we
conducted an exploratory analysis by comparing the mean number of all memories recorded in:
(1) the unrestricted group in our study (M = 4.48, SD = 3.23) vs. the unrestricted group in Van-
nucci et al.’s study (self-interrupted:M = 6.92, SD = 6.63), and (2) the restricted group in our
study (M = 7.55, SD = 5.77) vs. the restricted group in Vannucci et al.’ study (self-interrupted:
M = 9.25, SD = 6.17). A two-tailed t-test did not find a statistically significant difference between
the studies either in the former comparison (p = 0.14) or in the latter comparison (p = 0.41).
Although the analysis is only exploratory, it suggests that the online rating procedure did not
significantly decrease the likelihood of reporting memories/thoughts by participants throughout
the task. However, this issue still needs to be addressed in future studies.
Final conclusions
In accordance with Vannucci et al.’s [29] findings, our results indicate that instructing partici-
pants to record only IAMs significantly increases the frequency of experiencing IAMs. It is
highly likely that participants in the restricted group may have been more willing to notice
past-related thoughts in their stream of consciousness or they may have been more willing to
focus on them compared to the unrestricted group. The pattern of differences in phenomeno-
logical characteristics between memories reported in the restricted and unrestricted groups
lends credence to this claim. Therefore, our study supports the idea that the different research
procedures that were used in previous experiments on IAMs might have affected the way in
which involuntary memories were retrieved. Importantly, different retrieval strategies may also
favour certain types of memories.
According to Michael, Garry, and Kirsch [48], expectations of a particular outcome, (e.g.
the expectation of experiencing IAMs or involuntary thoughts) may automatically modify our
cognition and behaviour to produce that outcome. Thus, the ubiquitous results of the expec-
tancy effect may be responsible for well-known effects in psychological science. The involun-
tary memory research field may be especially vulnerable to this kind of phenomenon, and
therefore, one should take this into consideration when designing experimental procedures.
Supporting Information
S1 Appendix. Instructions received by all the participants.
(PDF)
Effects of Instruction on IAMs
PLOSONE | DOI:10.1371/journal.pone.0157121 June 13, 2016 12 / 15
S2 Appendix. Paper questionnaire (Part 1 and 2) received by all the participants.
(PDF)
Acknowledgments
We would like to thank Lia Kvavilashvili for sharing her method, Marcin Draszczuk for the IT
preparation of the IMP, and Magdalena Śmieja-Nęcka for her help in recruiting the group of
independent coders. Finally, we also wish to thank the two anonymous reviewers for their con-
structive and helpful comments about earlier versions of the manuscript.
Author Contributions
Conceived and designed the experiments: KB AN. Performed the experiments: KB. Analyzed
the data: KB. Contributed reagents/materials/analysis tools: KB. Wrote the paper: KB AN.
Acquisition of data: KB. Interpretation of data: KB AN.
References
1. Berntsen D (1996) Involuntary autobiographical memories. Applied Cognitive Psychology 10: 435–
454.
2. Berntsen D (2010) The unbidden past: involuntary autobiographical memories as a basic mode of
remembering. Current Directions in Psychological Science 19(3): 138–142. doi: 10.1177/
0963721410370301
3. Botzung A, Denkova E, Ciuciu P, Scheiber C, Manning L (2008) The neural bases of the constructive
nature of autobiographical memories studied with a self-paced fMRI design. Memory 16(4): 351–363.
doi: 10.1080/09658210801931222 PMID: 18432480
4. Conway MA, Loveday C (2010) Accessing autobiographical memories. In: Mace JH, editor. The act of
remembering: Toward an understanding of how we recall the past Oxford, England: Wiley–
Blackwell. pp. 56–70.
5. Hall NM, Gjedde A, Kupers R (2008) Neural mechanisms of voluntary and involuntary recall: A PET
study. Behavioural Brain Research 186: 261–272. doi: 10.1016/j.bbr.2007.08.026 PMID: 17913256
6. Haque S, Conway MA (2001) Sampling the process of autobiographical memory construction. Euro-
pean Journal of Cognitive Psychology 13: 529–547. doi: 10.1080/09541440042000160
7. Barzykowski K, Staugaard SR (2015) Does retrieval intentionality really matter? Similarities and differ-
ences between involuntary memories and directly and generatively retrieved voluntary memories. Brit-
ish Journal of Psychology 1–18. doi: 10.1111/bjop.12160
8. Brewin CR, Gregory JD, Lipton M, Burgess N (2010) Intrusive images in psychological disorders: Char-
acteristics, neural mechanisms, and treatment implications. Psychological Review 117: 210–232. doi:
10.1037/a0018113 PMID: 20063969
9. Kvavilashvili L, Schlagman S (2011) Involuntary autobiographical memories in dysphoric mood: a labo-
ratory study. Memory 19(4): 331–345. doi: 10.1080/09658211.2011.568495 PMID: 21678152
10. Moulds ML, Krans J (2015) Intrusive, involuntary memories in depression. In: Watson L, Bernsten D,
editors. Clinical perspectives on autobiographical memory. New York, NY, US: Cambridge University
Press. pp. 154–171
11. Watson LA, Berntsen D, KuykenW, Watkins ER (2013) Involuntary and voluntary autobiographical
memory specificity as a function of depression. Journal of Behavior Therapy and Experimental Psychia-
try 44: 7–13. doi: 10.1016/j.jbtep.2012.06.001 PMID: 22805538
12. Rasmussen AS, Berntsen D (2009) The Possible Functions of Involuntary Autobiographical Memories.
Applied Cognitive Psychology 1152: 1137–1152.
13. Parker ES, Cahill L, McGaugh JL (2006) A case of unusual autobiographical remembering. Neurocase:
Case Studies in Neuropsychology, Neuropsychiatry, and Behavioural Neurology 12(1): 35–49. doi: 10.
1080/13554790500473680
14. Conway MA, Loveday C (2010) Accessing autobiographical memories. In: Mace JH, editor. The act of
remembering: Toward an understanding of how we recall the past Oxford, England: Wiley–
Blackwell. pp. 56–70.
Effects of Instruction on IAMs
PLOSONE | DOI:10.1371/journal.pone.0157121 June 13, 2016 13 / 15
15. LePort AKR, Mattfeld AT, Dickinson-Anson H, Fallon JH, Stark CEL, Kruggel F, et al. (2012) Behavioral
and neuroanatomical investigation of Highly Superior Autobiographical Memory (HSAM). Neurobiology
of Learning and Memory 98(1): 78–92. doi: 10.1016/j.nlm.2012.05.002 PMID: 22652113
16. Berntsen D. (2015). From everyday life to trauma: research on everyday involuntary memories
advances our understanding of intrusive memories of trauma. In: Watson L, Bernsten D, editors. Clini-
cal perspectives on autobiographical memory. New York, NY, US: Cambridge University Press. pp.
172–196.
17. Mace JH (2006) Episodic remembering creates access to involuntary conscious memory: Demonstrat-
ing involuntary recall on a voluntary recall task. Memory 14: 217–24.
18. Ball CT (2007) Can we elicit involuntary autobiographical memories in the laboratory? In: Mace JH, edi-
tor. Involuntary Memory. Malden, MA: Blackwell. pp. 127–52.
19. Schlagman S, Kvavilashvili L (2008) Involuntary autobiographical memories in and outside the labora-
tory: how different are they from voluntary autobiographical memories? Memory and Cognition 36:
920–932. doi: 10.3758/MC.36.5.920 PMID: 18630199
20. Berntsen D (2009) Involuntary autobiographical memories: An introduction to the unbidden past. Cam-
bridge, UK: Cambridge University Press.
21. Ball CT, Little JC (2006) A comparison of involuntary autobiographical memory retrievals. Applied Cog-
nitive Psychology 20(9): 1167–1179. doi: 10.1002/acp.1264
22. Berntsen D, Rubin DC (2002) Emotionally Charged Autobiographical Memories Across the Life Span:
The Recall of Happy, Sad, Traumatic, and Involuntary Memories. Psychology and Aging 17(4): 636–
652. doi: 10.1037//0882-7974.17.4.636 PMID: 12507360
23. Berntsen D (1998) Voluntary and involuntary access to autobiographical memory. Memory 6: 113–
141. PMID: 9640425
24. Berntsen D, Hall NM (2004) The episodic nature of involuntary autobiographical memories. Memory &
Cognition 32(5): 789–803. doi: 10.3758/BF03195869
25. Johannessen KB, Berntsen D (2010) Current concerns in involuntary and voluntary autobiographical
memories. Consciousness and Cognition 19: 847–860. doi: 10.1016/j.concog.2010.01.009 PMID:
20188597
26. Mace JH, Atkinson E (2009) Can we determine the functions of everyday involuntary autobiographical
memories? In: Kelley MR, editor. Applied memory New York: Nova Science Publishers, Inc. pp. 199–
212.
27. Hall NM, Berntsen D (2008) The effect of emotional stress on involuntary and voluntary conscious
memories. Memory (Hove, England), 16(1): 48–57. doi: 10.1080/09658210701333271
28. Berntsen D, Staugaard SR, Sørensen LMT (2013) Why Am I Remembering This Now? Predicting the
Occurrence of Involuntary (Spontaneous) Episodic Memories. Journal of Experimental Psychology:
General 142(2): 426–444. doi: 10.1037/a0029128
29. Vannucci M, Batool I, Pelagatti C, Mazzoni G (2014) Modifying the frequency and characteristics of
involuntary autobiographical memories. PLoS ONE 9(4). doi: 10.1371/journal.pone.0089582
30. McDonald DG, Sarge MA, Lin S-F, Collier JG, Potocki B (2012) A Role for the Self: Media Content as
Triggers for Involuntary Autobiographical Memories. Communication Research XX(X): 1–27. doi: 10.
1177/0093650212464771
31. Mace JH (2010) Involuntary remembering and voluntary remembering: How different are they? In:
Mace JH, editor. The act of remembering: Toward an understanding of how we recall the past. Oxford,
UK: Wiley–Blackwell. pp. 43–55.
32. Tulving E (1983) Elements of episodic memory. New York: Oxford University Press.
33. Conway MA (2001) Sensory-perceptual episodic memory and its context: autobiographical memory.
Philosophical Transactions of the Royal Society of London. Series B, Biological Sciences 356: 1375–
1384. doi: 10.1098/rstb.2001.0940 PMID: 11571029
34. Karpicke JD, Zaromb FM (2010) Retrieval mode distinguishes the testing effect from the generation
effect. Journal of Memory and Language 62(3): 227–239. doi: 10.1016/j.jml.2009.11.010
35. Roediger HL, Blaxton TA (1987) Retrieval modes produce dissociations in memory for surface informa-
tion. In: Gorfein D, Hoffman RR, editors. Memory and cognitive processes: The Ebbinghaus centennial
conference. Hillsdale, NJ: Erlbaum. pp. 349–379.
36. Williams JMG, Barnhofer T, Crane C, Herman D, Raes F, Watkins E, et al. (2007) Autobiographical
memory specificity and emotional disorder. Psychological Bulletin 133(1): 122–48. doi: 10.1037/0033-
2909.133.1.122 PMID: 17201573
37. Gisquet-Verrier P, Riccio DC (2012) Memory reactivation effects independent of reconsolidation.
Learning and Memory 19: 401–409. doi: 10.1101/lm.026054.112 PMID: 22904371
Effects of Instruction on IAMs
PLOSONE | DOI:10.1371/journal.pone.0157121 June 13, 2016 14 / 15
38. Ritchie TD, Skowronski JJ, Walker WR, Wood SE (2006) Comparing two perceived characteristics of
autobiographical memory: Memory detail and accessibility. Memory 14: 471–485. PMID: 16766449
39. Conway MA, Pleydell-Pearce CW (2000) The construction of autobiographical memories in the self-
memory system. Psychological Review 107: 261–288. doi: 10.1037/0033-295X.107.2.261 PMID:
10789197
40. Suresh K (2011) An overview of randomization techniques: An unbiased assessment of outcome in
clinical research. Journal of Human Reproductive Sciences 4(1): 8–11. doi: 10.4103/0974-1208.82352
PMID: 21772732
41. Parnowski T, Jermajczyk W (1977) Inwentarz Depresji Becka w ocenie nastroju osób zdrowych i chor-
ych na choroby afektywne (ocena pilotażowa). Psychiatria Polska 11: 417–425.
42. Przepiórkowski A, Górski RL, Łaziński M, Pęzik P (2009) Recent Developments in the National Corpus
of Polish. In: Levická J, Garabík R, editors. NLP, Corpus Linguistics, Corpus Based Grammar
Research: Proceedings of the Fifth International Conference. Brno: Tribun. pp. 302–309.
43. McEnery A, Xiao Z, Tono Y (2006) Corpus-based Language Studies [Routledge Applied Linguistics
Series]. London / New York: Routledge.
44. Schlagman S, Kliegel M, Schulz J, Kvavilashvili L (2009) Differential effects of age on involuntary and
voluntary autobiographical memory. Psychology and Aging, 24(2): 397–411. doi: 10.1037/a0015785
PMID: 19485657
45. Śmieja M, Orzechowski J, Beauvale A (2007) TIE—Test Inteligencji Emocjonalnej. [TIE—Test of Emo-
tional Intelligence]. Studia Psychologiczne 45(1): 19–32.
46. Cohen J (1988) Statistical power analysis for the behavioral sciences ( 2nd ed.). Hillsdale, NJ:
Erlbaum.
47. Benjamini Y, Hochberg Y (1995) Controlling the false discovery rate: a practical and powerful approach
to multiple testing. Journal of the Royal Statistical Society. Series B (Methodological) 57(1): 289–300.
48. Michael RB, Garry M, Kirsch I (2012) Suggestion, Cognition, and Behavior. Current Directions in Psy-
chological Science 21(3): 151–156. doi: 10.1177/0963721412446369
Effects of Instruction on IAMs
PLOSONE | DOI:10.1371/journal.pone.0157121 June 13, 2016 15 / 15
